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The Challenge of Climate Change and Sea Level Rise Adaptaion
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LONG-PERIOD SEA LEVEL CHANGES

- mean global and local sea level are not stationary in time
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LONG-PERIOD SEA LEVEL CHANGES

- mean global and local sea level are not stationary in time

(a) CO,, CH, and Sea Level
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SC|ent|flcaIIy we cannot exclude a large, rapid global sea
- level rise with large spatial variablility in local sea level rise. -

j;JWW TN N

300

w W I CCl
"{]{]

Hansen et al. (2008)

1.00

entury

ODal o€a LEVE ange

PDF

/ (m/century) ]

o
.

[1=9
o

-6 to +6 m/cC.

ULy SlODal oullale 1Cllpeiadlulc

Changes.4 to +0.4 KJc.

- . |
%DU 700 300 0 ~ 40
-
(c) Tempemnue Change 3
1 I 1 I 30
2 Observations PCQG 5
Calculated Temperature | E
O l;, l | J 20
:. | 'l ) ~
| ' : _ i
. \ | | { YEhS —
VER R . “l& hh“-. l‘f TI_ | | M | | - 10 _ |
_4 |/ 4 ! 5 i rn,: ; |!“'|.. %" r 'l. . l* N ) |
. ' . . . | . | . . . ; ol ;,|
800 700 600 500 400 300 200 100 0 _DD 90 0
Time (ky BP)

.00 0.90 1.80 2.70 3.60 4.50

GTR [K/century]
Plag and Jules-Plag (2013)



Increased Melting of Ice Sheet(s)

Net mass change since Jan 2003
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Sea Level Rise Is a slowly developing natural hazard

that can lead to extreme disasters (X-events).




How are we handling other natural X-hazards?

Extreme natural hazards that could cause very high impacts:
- asteroids: early warning system in place, focusing on large objects; lead time a few years;
- droughts: working on a global monitoring service;
- pandemics: monitoring, high sensitivity;
- extreme geohazards; in particular, large volcano eruptions:
no monitoring system in place, but INSAR could be a basis for a monitoring system;

- rapid sea level rise: currently no prediction system;
City managers: lead times required are on the order of 5 to 10 years.

A Interannual to Decadal Local Sea Level
Forecasting Service Is an Early Warning
System Plag et al., 2009



Can we do It?

Cumulative Equation of Local Sea Level
Changes
A Modular System Model



Local Sea Level Changes
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Cumulative LSL Equation

LSL = short-period part + long-period part

Separation at a period of about 2 months:

High-frequency part of LSL equation:

JII’i']lfi! — ?F[H + hthln][” + hntmu ﬁ'[ H + h:-:- -'n-lw.h:”) + ht:-:l]llﬂ]l'llll[f:l'

Important for projection of fnaximum flood levels

Short-period variations are the result of local to regional
processes




Cumulative LSL Equation

LSL = short-period part + long-period part
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E.;__J‘_u:nw- frequency part of LSL equation:

EEEM factors for LSL (monthly time scales and longer):
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Comments on the relation between mass changes (exchange and
redistribution) and LSL:

All mass movements:
- change the geoid

- displace the ocean bottom vertically
- redistribute the water masses In the ocean
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Long-period variations are the result of local to global processes



Reconstructing Global Sea Level From Tide Gauges (1950 - 2000)
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Example global average:
1.14 mm/yr at tide gauges
0.90 mm/yr global average Plag, 2006
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Hyprid Approach for Forecastingiv‘ Ul t
odular system

Regional and global climate models mO del .
y

At-njozi)(:ltere: modules can be
- coupled models,

- circulation

- mass redistribution

¥ semeanill - empirical models, or
ITee models _
(seniee ) madl - observations
Y ¥
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sheets: - heat exchange storage:
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mass balance and - salinity - Mass re- mass balance and
\sm‘face load.s} \- currents dz'stribut-iory Qm‘face loady
i
Y Y Y Y

viscoelastic-gravitational response to surface loading
Vertical land motion and gravity changes

C Tectonics, sedimentation, soil processes, anthropogenic contribution )

Vertical land motion and gravity changes

Solid Earth models




Current Status:

Overview of available modules
Next Steps



Overview of available modules

Postglacial rebound: mean model plus uncertainties (linear)
Present-day mass movement: geophysical (elastic) model plus

observation/predictions of mass redistribution (land ice and land water storage)
mass redistribution:

- Land water storage: GLDAS + GRACE

[ |
RVaa @ @ /

Vertical land motion: observations, extrapolation of recent trends

Atmospheric and ocean circulation: GCMs, regional models, and observations
Steric effects: ARGOS and other observations

Freshening: remote sensing and models

Constraints/assimilation:

- Global (water) mass balance

- Tide gauges and satellite altimetry
- Earth rotation observations



Next Steps

Global framework developed by us:
Wil allow computation of LSL(X,t) for the next 10 years, including uncertainties

Use both deterministic and probabilistic approaches to forecasts

Community effort needed to improve modules (those based on models)
= vith manyv different mode or the different module

Part of the Work Plan of the Group on Earth Observations (GEO)

Supported by:
GEO Coastal Zone Community of Practice and

GEO Sea Level Rise Community of Practice

If you want to get involved, please contact me ...



